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surgical approaches employed in the management of
patients with lung cancer are still evolving. Conven-
ional approaches, including posterolateral thoracot-
my and muscle-sparing thoracotomy, remain the stan-
ard for the majority of patients with resectable lung
ancer. Minimally invasive procedures, however, may
e employed in selected patients with early-stage lung
ancer, to minimize operative morbidity without sacri-
cing oncologic efficacy.
DEFINITION
inimally invasive procedures utilizing operative tele-
copes and video technology may be described as tho-
acoscopic procedures or video-assisted thoracic sur-
ery (VATS). For clarity, the terms “VATS” or “tho-
acoscopic” refer to totally thoracoscopic approaches,
here visualization is dependent on video monitors,
nd rib spreading is avoided. Thoracoscopic lobectomy
s defined as the anatomic resection of an entire lobe of
he lung, using a videoscope and an access incision,
ithout the use of a mechanical retractor and without
ib spreading.1 To be considered a viable alternative to
onventional lobectomy, thoracoscopic lobectomy must
e applied with the same oncologic principles: individ-
al vessel ligation, complete anatomic resection with
egative margins, complete hilar lymph node dissec-
ion, and appropriate management of the mediastinal
ymph nodes. The advantages of minimally invasive
esection include decreased postoperative pain, shorter
hest tube duration, shorter length of stay, preserved
ulmonary function, and superior cosmetic result when
ompared with lobectomy via open thoracotomy.1-8
INDICATIONS
he indications for thoracoscopic lobectomy are simi-
ar to those for lobectomy using the open approach:
atients with known or suspected lung cancer (clinical
tage I) that appears amenable to complete resection by
obectomy. Preoperative staging and patient selection
or thoracoscopic lobectomy should be conducted as for
onventional thoracotomy. Tumor size may preclude
he option of thoracoscopic lobectomy in some patients,
s some large specimens may not be amenable to re-
oval without rib spreading; however, no absolute size
riteria are used.8 Operative Techniques in Thoracic and CarCONTRAINDICATIONS
bsolute contraindications to thoracoscopic lobectomy
nclude the inability to achieve complete resection with
obectomy, T3 or T4 tumors, N2 or N3 disease, and
nability to achieve single-lung ventilation. Relative
ontraindications include tumors that are visible at
ronchoscopy, the presence of hilar lymphadenopathy
hat would complicate vascular dissection (benign or
alignant), prior thoracic irradiation, and the use in-
uction therapy. Prior thoracic surgery, incomplete or
bsent fissures, and benign mediastinal adenopathy
hould not be considered contraindications.
STRATEGY FOR THORACOSCOPIC
LOBECTOMY
fter bronchoscopy and mediastinoscopy (when indi-
ated), single-lung anesthesia is established using a dual
umen endotracheal tube or bronchial blocker. The
atient is positioned in full lateral decubitus position
ith slight flexion of the table at the level of the hip,
hich provides splaying of the ribs to improve thora-
oscopic access and exposure. Before sterile prepara-
ion and draping, the chest is marked for the placement
f thoracoscopic incisions.
The most significant difference between thoraco-
copic lobectomy and conventional lobectomy is the
trategy of performing dissection beginning anteriorly
nd continuing posteriorly. Whereas most surgeons
erform open lobectomy by dissecting within the fissure
o gain access to the arterial branches, thoracoscopic
obectomy is performed entirely within the hilum, and
he fissure is not completed until all hilar structures are
ivided.
Most surgeons use 3 or 4 incisions, although lobec-
omy can usually be accomplished using only 2 inci-
ions. The first incision, a 10 mm port-access used
redominantly for the thoracoscope, is placed in the
th or 8th intercostal space in the mid-axillary line.
he second incision, an anterior access incision (4.5-
.0 cm) for dissection and specimen retrieval, is placed
n the 5th or 6th intercostal space, just inferior to the
reast and pectoralis major. The location of this inci-
ion, where the intercostal spaces are the widest, is
hosen to provide access for hilar dissection and is
sually not dependent on whether the planned proce-
ure is an upper or lower lobectomy. Additional inci-
ions may be employed, either in the axilla or posteri-diovascular Surgery, Vol 9, No 2 (Summer), 2004: pp 98-114
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THORACOSCOPIC LOBECTOMY 99rly, to improve visualization or to provide retraction
Fig 1).
After the placement of the second incision, the sur-
eon performs thoracoscopic exploration, which in-
ludes confirmation of the location of the tumor, exclu-
ion of the presence of pleural metastases, and division
f the pulmonary ligament. If a malignant diagnosis has
ot been achieved preoperatively, thoracoscopic wedge
esection is performed using an automatic stapling de-
ice, and the specimen is removed in a protective bag.
fter frozen section confirms a malignant diagnosis,
horacoscopic lobectomy may then be completed. Me-
iastinal lymph node dissection may be performed at
his point or may be deferred until the lobectomy is
ompleted.
The location of these incisions is chosen so that they
o not compete with each other, yet still provides ade-
uate visualization of the hilum. Of note, the stapling
evice may be placed through either incision to provide
he best angle to some of the hilar structures. Instru-
entation for thoracoscopic lobectomy is critical to
uccessful completion of the procedure. The thoraco-
1 Porcope should be a 30-degree angled scope, to optimize
he ability to achieve panoramic visualization during
issection and to minimize competition with the oper-
tive instruments. A spectrum of surgical instruments
ay be employed for dissection, including conventional
nstruments and dedicated thoracoscopic or laparo-
copic instruments. It is especially beneficial to use
ong, curved instruments for retraction and dissection,
s it will minimize the tendency for instruments to
ompete or collide with each other. Thoracoscopic (lin-
ar) mechanical staplers, such as the EndoGIA (U.S.
urgical, Norwalk, CT), are employed for control of
he vessels (2.0 or 2.5 mm staples), bronchus (3.5 or 4.8
m staples) and fissure (Fig 2).
Hilar dissection is performed through the access in-
ision, to achieve visualization and mobilization of the
ilar structures. For any anatomic thoracoscopic lo-
ectomy, hilar dissection is begun with mobilization of
he pulmonary vein. For upper lobectomy, the lung is
eflected posteriorly and inferiorly to facilitate dissec-
ion. For lower lobectomy, the lung is retracted supe-
iorly. Moving the thoracoscope to the anterior incision
cement.t pla
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100 BURFEIND AND D’AMICOay improve visualization of the superior hilum and
acilitate placement of the linear stapler for upper lo-
ectomy.
The risk of intraoperative hemorrhage is minimized
ith careful hilar dissection, which is facilitated by the
isual clarity and magnification available with the video
horacoscope. Unexpected bleeding from a major
ranch of the pulmonary artery or pulmonary vein
ay occur, however. In most cases, the source of the
leeding is easily identifiable and tamponade is possi-
le, allowing conversion to thoracotomy if necessary.
o minimize the risk of vascular injury, surgeons have
mployed a variety of techniques to isolate the pulmo-
ary arterial and venous branches, including ligatures
o retract the vessels and catheters to guide the stapling
evices. These techniques may be helpful in difficult
ases, but are not required for the majority of patients.
All lobectomy specimens are removed using a protec-
ive specimen bag, to prevent implantation of tumor
ells in the incision. The lobectomy specimen and hilum
re each inspected to ascertain that anatomic lobec-
omy has been performed. After retrieval, the hemitho-
ax is irrigated with warm saline, and the bronchial
tump is inspected. If an air leak is encountered, repeat
tapling or endoscopic suturing may be performed.
2 Angles achievedeft Upper Lobectomy
With the thoracoscope in the mid-axillary incision,
he horizontal and oblique fissures are inspected and
he presence of the tumor in the left upper lobe is
onfirmed. The lung is retracted posteriorly, and the
uperior pulmonary vein is identified and mobilized.
he left superior pulmonary vein is then encircled
sing a curved clamp; dissection behind the superior
ulmonary vein allows identification of the pulmonary
rtery (Fig 3). The stapling device is then applied, and
he superior pulmonary vein is divided, exposing the
ulmonary artery.
The apical and anterior branches of the left pulmo-
ary artery are then mobilized, a maneuver that is
acilitated by the dissection of the hilar node at the
nterior aspect of the upper lobe bronchus. These
ranches are then stapled and divided. If not included
ithin the apical-anterior trunk, a posterior artery
ay now be visualized, stapled and divided (Fig 4).
The left upper lobe bronchus is now visualized and
ay be stapled and divided. Alternatively, when the
ronchus appears more anterior that the apical and
nterior arterial branches, management of the bron-
hus may be completed first (Fig 5).
the stapling device.by
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THORACOSCOPIC LOBECTOMY 101Subsequently, the lingular branches are stapled. Fi-
ally, the fissures are completed and the specimen is
etrieved (Fig 6).
ight Upper Lobectomy
Right upper lobectomy is slightly more difficult than
eft upper lobectomy, because both the horizontal and
blique fissures must be managed. With the thoraco-
cope in the mid-axillary incision, the horizontal and
blique fissures are inspected and the presence of the
umor in the right upper lobe is confirmed. After divi-
ion of the pulmonary ligament, it is helpful to continue
he dissection posteriorly by dividing the posterior
leural reflection to the level of the azygos vein, expos-
3 Left superior pulmonary veng the bifurcation of the upper lobe bronchus and
ntermediate bronchus (Fig 7).
The right lung is retracted posteriorly, and the su-
erior pulmonary vein is identified and mobilized, to
dentify the division between the middle lobe and upper
obe venous branches. The upper lobe branches are
ncircled using a curved clamp; dissection behind the
uperior pulmonary vein allows identification of the
ulmonary artery. The stapling device is then applied
nd the vein is divided, exposing the pulmonary artery
Fig 8).
The pulmonary artery is mobilized, and the apical
nterior trunk (truncus anterior) may then be stapled
nd divided (Fig 9).
ust before division with stapler.
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102 BURFEIND AND D’AMICOThe right bronchus is now exposed, and the upper
obe bronchus may be stapled and divided (Fig. 10).
ubsequently, the posterior ascending arterial branch
s stapled. Finally, the fissures are completed and the
pecimen retrieved (Fig. 11).
ight Middle Lobectomy
With the thoracoscope in the mid-axillary incision,
he horizontal and oblique fissures are inspected and
he presence of the tumor in the middle lobe is con-
rmed. The lung is retracted posteriorly, and the su-
erior pulmonary vein is identified and mobilized, to
dentify the division between the middle lobe and upper
obe venous branches.
The middle lobe vein is encircled and stapled, expos-
ng the middle lobe bronchus and artery. Retraction of
he middle lobe superiorly and posteriorly optimizes
xposure of the bronchus (Fig 12).
4 Apical anterior brancAt this point, the bronchus is encircled and stapled,
urther exposing the middle lobe artery. The middle
obe artery is then stapled and divided as well, allowing
ompletion of the fissures (Fig 13).
ower Lobectomy (Right or Left)
The strategy for lower lobectomy is similar on the
ight and left sides. With the thoracoscope in the mid-
xillary incision, the presence of the tumor in the lower
obe is confirmed. The lung is retracted anteriorly, and
he posterior pleural reflection is incised. The lung is
hen retracted superiorly and posteriorly, to incise the
leura overlying the inferior pulmonary vein, which
ay then be encircled and stapled, after ascertaining
hat the superior segment branch is included in the
issection. Further superior retraction of the lower
obe improves exposure of the bronchus, at the bifur-
ation of the lower lobe bronchus and the middle lobe
of left pulmonary artery.hes
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THORACOSCOPIC LOBECTOMY 103ronchus (right lung) or lingular bronchus (left lung)
Fig 14).
Dissection of the bronchus with development of the
lane between the bronchus and artery is performed
ith visualization of the artery. The lower lobe bron-
hus is then encircled and stapled, exposing the lower
obe arterial trunk, which is then stapled and divided.
inally, the fissure is completed and the specimen re-
rieved (Fig 15).
RESULTS
he safety and efficacy of thoracoscopic lobectomy for
atients with early-stage lung cancer has been estab-
ished.1-8 Although there are no prospective, random-
zed series that compare thoracoscopic lobectomy to
onventional approaches, a sufficient number of series
ave been published, both single-institution and multi-
nstitution experiences, to conclude that thoracoscopic
5 Left upper lobe bronchuobectomy is a reasonable strategy for patients with
linical stage I lung cancer.
Daniels and colleagues reported the results of thora-
oscopic lobectomy in 110 consecutive patients.1 The
0-day mortality was 3.6%, with no intraoperative
eaths. The conversion rate was 1.8%, and none were
mergent. The median chest tube duration was 3 days
nd median length of stay was 3 days. The Cancer and
eukemia group B (CALGB) reported on the results of
multi-institutional series of 97 patients who under-
ent thoracoscopic lobectomy.2 In this series, the mor-
ality was 2%, the operative time was 130 minutes, and
he median length of stay was 3 days. Numerous other
eries have been published. In summary, thoracoscopic
obectomy has been demonstrated to be equivalent in
erms of safety and oncologic efficacy, as measured by
omplete resection rate, operative time, extent of
ymph node dissection, operative mortality, and short-
circled with a curved clamp.s, en
104 BURFEIND AND D’AMICO6 Lingular branches of left pulmonary artery.
THORACOSCOPIC LOBECTOMY 1057 Posterior pleural reflection, bifurcation of the upper lobe bronchus and intermediate bronchus.
106 BURFEIND AND D’AMICO8 Right superior pulmonary vein, upper lobe branches.
THORACOSCOPIC LOBECTOMY 1079 Truncus anterior.
108 BURFEIND AND D’AMICO10 Right upper lobe bronchus.
THORACOSCOPIC LOBECTOMY 10911 Completion of fissures for the right upper lobe with the stapling device.
110 BURFEIND AND D’AMICO12 Middle lobe vein.
THORACOSCOPIC LOBECTOMY 11113 Middle lobe bronchus (and artery).
112 BURFEIND AND D’AMICO14 Inferior pulmonary vein.
THORACOSCOPIC LOBECTOMY 11315 Lower lobe bronchus and artery.
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114 BURFEIND AND D’AMICOerm survival, when compared with published results
or thoracotomy and lobectomy.
SUMMARY
inimally invasive approaches to lung cancer treat-
ent have been demonstrated to be safe and effective
or patients with early-stage lung cancer. Thoraco-
copic lobectomy is designed to achieve the same onco-
ogic result as conventional lobectomy: complete hilar
issection and individual vessel control. The recog-
ized advantages of thoracoscopic anatomic resection
nclude less short-term postoperative pain, shorter hos-
ital stay, and preserved pulmonary function. Al-
hough there are no prospective randomized studies
omparing the thoracoscopic approach to conventional
horacotomy, there is no data from published series to
uggest any difference in oncologic efficacy.
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